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(57) ABSTRACT

A lightning conductor system for a support structure having
an external face intended to be subjected to a tlow of air and
an internal face opposite the external face, the lightning con-
ductor system comprising an electrically conducting light-
ning conductor strip, mtended to be placed on the side of the
internal face of the support structure while being connected to
ground, and means of fixing the lightning conductor strip to
the support structure, the fixing means comprising fixing
studs 1ntended to be mserted into orifices formed 1n the sup-
port structure, said fixing studs being in electrical contact
with the lightning conductor strip. The lightning conductor
system 1ncludes the lightning conductor strip being mounted
in an offset manner with respect to the main axes of the fixing
studs.

19 Claims, 7 Drawing Sheets
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LIGHTNING CONDUCTOR SYSTEM
COMPRISING A LIGHTNING CONDUCTOR
STRIP MOUNTED IN AN OFFSET MANNER

CROSS-REFERENCES TO RELAT
APPLICATIONS

L1

D,

This application claims the benefit of the French patent
application No. 12 62124 filed on Dec. 17, 2012, the entire
disclosures of which are incorporated herein by way of ret-
erence.

TECHNICAL FIELD

The present invention relates to the field of lightning con-
ductor systems. More specifically, 1t relates to a lightning
conductor system for a support structure, a support structure

and a radome comprising such a lightning conductor system,
as well as an aircraft comprising a radome equipped with said
lightning conductor system.

The mvention mainly finds application in the field of aero-
nautics, particularly for the equipment of aircrait radomes.

BACKGROUND OF THE INVENTION

Lightning can cause considerable damage to aircrait in
tlight, for example civil transport airplanes. In order to protect
these aircraft and to minimize the damage that can be caused
by lightning, 1t 1s known to place lightning conductor protec-
tion strips on the radome of aircraft, situated 1n the nose cone
of the fuselage. Generally speaking, said radome makes 1t
possible to protect aradar and, as a result, 1s typically made of
a material permeable to electromagnetic waves, for example
an e¢lectrically isulating composite material, usually more
flexible and more deformable than the structure of the fuse-
lage on which said radome 1s fixed.

A first type of known lightning conductor protection sys-
tem consists in placing lightning conductor protection strips,
in particular in the form of metal strips, on the external face
(or external skin) of the radome. In order to minimize prob-
lems of aerodynamics linked to the presence of metal strips on
the surtface of the radome, these are laid out 1n a radial manner,
starting from the periphery of the radome and aiming towards
the tip thereof The metal strips are moreover electrically
connected to the ground of the aircrait. Thus, when lightning
strikes the radome, the metal strips guide the lightning to the
ground of the aircrafit.

In order to eliminate any problem of aecrodynamics, a sec-
ond type of lightning conductor protection system in which
the metal strips are positioned inside the radome (on the
internal skin of the radome) has also been envisaged 1n the
prior art. French patent application FR 2 924 686 Al
describes an example of such a lightning conductor system
for aircraft comprising metal strips fixed to the internal face of
the radome. The lightning attachment on the radome then
operates by means of metal studs flush with the external face
of the radome. The metal strips are also laid out 1n a radial
manner on the internal face of the radome.

FIG. 1A represents, in section, an example of such a light-
ning conductor system 10 of the second type according to the
prior art. A metal {ixing stud 3, 1n particular a fixing screw, of
principal axis X, connects the external face 1a of the radome
1 to an internal metal lightning conductor strip 2, 1n particular
trapezoidal, provided with a through orifice 8 (visible 1n FIG.
3 A) for the fixing stud 3 and situated on the internal face 15 of
the radome 1. The fixing stud 3 1s fixed 1n the wall of the
radome 1 via an insert 6 (or cross strut) and a fixing resin 3.
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The lightning conductor strip 2 1s screwed to the fixing stud 3
by means of a fixing nut 4. Lightning F that strikes the fixing

stud 3 on the side of the external face 1a of the radome 1 1s
guided to the lightning conductor strip 2 situated on the side
of the internal face 16 of the radome 1. FIGS. 2A and 3 A show
in perspective, respectively in an assembled configuration
and 1 an exploded configuration, the lightning conductor
system 10 of FIG. 1A, whereas FIG. 4A represents, 1n frontal
view, an example of radome 1 comprising a plurality of light-
ning conductor systems 10 according to the prior art and FIG.
5A represents an enlarged view of part A of FIG. 4A.
Although this second type of lightning conductor system
10 makes 1t possible to resolve any aerodynamics problem,
this solution 1s not entirely satisfactory, particularly for the
reasons exposed hereafter. In fact, the conception of this
lightning conductor system 10 of the prior art generally leads
to a complexity in the machiming and the assembly of the
lightning conductor strips 2 and, as a result, an 1ncrease 1n
costs. In particular, the main axes X of the fixing studs 3 are
merged with the axes of piercing of the lightning conductor
strips 2, so that the fixing studs 3 and the lightning conductor
strips 2 are connected together and impose precise tolerances
and a complicated assembly of the lightning conductor sys-
tems 10. In addition, as may be observed 1in FIG. SA, the
solution of the prior art may bring about difficulties of locali-
sation during the fixing of the lightning conductor strips 2 on
the radome 1. In fact, during assembly, 1t 1s necessary to be
able to ensure that all of the orifices formed 1n the wall of the
radome 1 for the passage of the fixing studs 3 are opposite
orifices formed 1n the lightning conductor strips 2 and then, 1n
the case of too great a difference, 1t 1s sometimes necessary to
carry out complex and costly adjustments. Moreover, the
lightning conductor strips 2 of this lightning conductor sys-
tem 10 of the prior art may also exhibit a too important failure
ofradio-electric barrier vis-a-vis radar waves of theradome 1.

SUMMARY OF THE INVENTION

The aim of the mvention 1s to overcome, at least partially,
the aforementioned needs and drawbacks relating to the
embodiments of the prior art.
The mvention aims particularly to enable a simplification
of the assembly and a reduction of the radio-electrical failure
of lightning conductor systems equipping a radome.
The mvention thus relates to, according to one of its
aspects, a lightming conductor system for a support structure
having an external face intended to be subjected to a tlow of
air and an internal face opposite the external face, the light-
ning conductor system comprising:
an electrically conducting lightning conductor strip,
intended to be placed on the side of the internal face of
the support structure while being connected to ground,

fixing means for fixing studs intended to be inserted nto
orifices formed 1n the support structure, said fixing studs
being 1n electrical contact with the lightning conductor
strip,

characterised 1n that the lightning conductor strip 1s
mounted 1n an offset manner with respect to the main axes of
the fixing studs.

The lightning conductor system according to the imnvention
may further comprise one or more of the following charac-
teristics taken 1n 1solation or according to any technically
possible combinations thereof

The support structure may be defined by a radome, particu-
larly an aircraft radome.

The support structure may be a composite structure, par-
ticularly a panel comprising a central core made of alveolar
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material, such as a honeycomb or a foam core. This composite
structure may be monolithic, single “sandwich™ or “multi-
sandwich”.

The lightning conductor strip may be intended to be placed
on the side of the internal face of the support structure, while
being either directly in contact with this internal face, or
placed at a distance therefrom.

“Mounted 1n an offset manner with respect to the main axes
of the fixing studs™, should particularly be taken to mean that
the longitudinal axis of the lightning conductor strip 1s not
inscribed in the plane defined by the main axes of at least two
fixing studs. In particular and advantageously, the longitudi-
nal axis of the lightning conductor strip and the main axes of
the fixing studs do not intersect.

The fixing means may comprise intermediate elements for
the mounting of the lightming conductor strip. Each interme-
diate element may comprise a body forming part for the fixing
thereol to a fixing stud and, projecting laterally from the body
forming part, a clamp forming part for the fixing of the light-
ning conductor strip.

The clamp forming part may comprise two clamp forming,
branches extending along one another. The two clamp form-
ing branches may each comprise a recess, particularly sub-
stantially semi-cylindrical, the two recesses defining a
through passage, particularly substantially cylindrical, for the
lightning conductor strip.

Each intermediate element may comprise two intermediate
parts (or intermediate flanges), superimposed one on top of
the other. Each intermediate part may comprise a body form-
ing branch provided with a through orifice, particularly sub-
stantially circular, for a fixing stud, the two body forming
branches defining the body forming part of the intermediate
clement, and a clamp forming branch comprising a recess,
particularly substantially semi-cylindrical, the two clamp
forming branches defining the clamp forming part of the
intermediate element. The two recesses may define a through
passage, particularly cylindrical, for the lightming conductor
strip. The lightning conductor strip may thus be held 1n “sand-
wich” between the two recesses.

The two intermediate parts may be strictly identical.
Hence, they may be reproducible for all fixations of lightning
conductor strip, thereby enabling a saving in terms of costs.

In a variant, the body forming part of the intermediate
clement may be formed of a single part, from which may
extend the two clamp forming branches for fixing the light-
ning conductor strip.

The fixing studs may be intended to be imserted into orifices
formed 1n the support structure while having their upper part
substantially at the level of the external face of the support
structure.

“Upper part substantially at the level of the external face of
the support structure” 1s taken to mean that this upper part 1s
at the same level as the external face of the support structure,
in other words that the upper end of the fixing stud 1s at the
level of, or 1s contiguous with, the external face of the support
structure within the assembly tolerances.

The fixing studs may be single piece conductive studs
comprising 1n their lower part a portion of threaded rod,
intended to pass through the through orifices of the imnterme-
diate parts.

The fixing means may further comprise inserts (or cross
struts), 1n particular insulating inserts, to enable the fixing of
the fixing studs in the support structure. The inserts may make
it possible to assure the mechanical link between the support
structure, the fixing studs and the lightning conductor strip.
The inserts may be associated with a fixing resin to enable the
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fixing of the fixing studs. The intermediate elements may bear
at least partially on the 1nserts.

In addition, the fixing means may comprise {ixing heads,
particularly fixing nuts, to enable the fixing of intermediate
clements onto the fixing studs.

The lightning conductor strip may be able to slide rela-
tively to the intermediate elements. Thus, the lightning con-
ductor strip may be independent of the piercing of the orifices
in the support structure for the fixing of the fixing studs.

The lightning conductor strip 1s advantageously devoid of
through orifices for a fixing stud.

The lightning conductor strip may be constituted of a
multi-strand cable or a cut round bar.

The lightning conductor strip may be substantially cylin-
drical. In addition, the lightning conductor strip may have a
substantially circular section. Hence, in comparison with a
lightning conductor strip of the prior art, for example a trap-
ezoidal strip, the impact of radio-electrical failure 1s lower. In
particular, the mnvention may make it possible to reduce the
radio-electrical failure of the lightning conductor strip with
respect to the solutions of the prior art by virtue of a substan-
tially circular section which reduces the effects of diffraction
of the wave compared to a section of same surface area but
rectangular for example.

Thanks to the mvention, 1t may be possible to avoid the
constraints of the prior art concerning the localisation of the
fixing studs on the support structure relative to the lightning
conductor strip. Thus, the assembly tolerances may be
increased and the mounting in 1itself may be considerably
simplified thanks to the offsetting of the lightning conductor
strip.

The principle of fixing the lightning conductor strip by
offsetting according to the mvention may thus make 1t pos-
sible on the one hand to simplify the fixing of the lightning
conductor strip, and on the other hand to allow the lightning
conductor strip to have any type of shape and enable particu-
larly a substantially circular shape.

The mvention also relates to, according to another of its
aspects, an aircrait support structure, characterised in that 1t
comprises a lightming conductor system as defined previ-
ously.

The invention further relates to, according to another of 1ts
aspects, a radome characterised in that 1t comprises a support
structure as defined previously, or a lightning conductor sys-
tem as defined previously, the radome defining the support
structure.

The mmvention also relates to, according to another of 1ts
aspects, an aircraft characterised 1in that it comprises a radome
as defined previously.

The radome may 1n particular be a nose cone radome of the
aircraft.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be better understood on reading the
detailled description given hereafter of a non-limiting
example ol implementation thereot, and by referring to the
figures, schematic and partial, of the appended drawing, 1n
which:

FIG. 1A represents, in section and partially, an example of
lightning conductor system according to the prior art,

FIGS. 2A and 3A are perspective views of the lightning
conductor system of FIG. 1A, respectively 1n an assembled
configuration and 1n an exploded configuration,

FIG. 4A1s a frontal view of aradome equipped with several
lightning conductor systems according to the prior art on 1ts
internal face,
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FIG. SA 1s an enlarged view of part A of FIG. 4A,

FI1G. 1B represents, 1n section and partially, an example of
lightning conductor system according to the invention,

FIGS. 2B and 3B are perspective views of the lightning
conductor system of FIG. 1B, respectively 1n an assembled
configuration and 1n an exploded configuration,

FI1G. 4B 1s a frontal view of a radome equipped with several
lightning conductor systems according to the invention on 1ts
internal face, and

FIG. 5B is an enlarged view of part B of FIG. 4B.

In all of these figures, identical references can designate
identical or analogous elements.

In addition, the different parts represented 1n the figures are
not necessarily given to a uniform scale, 1n order to make the
figures easier to read.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An example of implementation of the nvention 1s
described herealter with reference to FIGS. 1B to 5B. FIGS.
1A to 5A, relative to the prior art, have been described previ-
ously.

An example of lightning conductor system 10 according to
the invention has been represented, 1n section, 1 FIG. 1B.

The lightning conductor system 10 1s provided to be used in
relation with a support structure 1 having an external face 1a,
intended to be subjected to a tlow of air, and an internal face
15, opposite to the external face 1a.

The support structure 1 may quite particularly be consti-
tuted of a radome 1 of an aircrait, particularly a nose cone
radome of the aircraft. The radome 1 may for example com-
prise a “sandwich” composite structure comprising two walls
and a honeycombed central core.

FIGS. 2B and 3B are perspective views of the lightning
conductor system 10 of FIG. 1B, respectively in an assembled
configuration and 1n an exploded configuration.

FIG. 4B represents for 1its part, in frontal view, the radome
1 comprising a plurality of lightning conductor systems 10
according to the invention, and FIG. 5B represents an
enlarged view of part B of FIG. 4B.

As may be seen in FIGS. 1B, 2B and 3B, the lightning

conductor system 10 comprises an electrically conducting
lightning conductor strip 2, of longitudinal axis Z and placed
on the side of the internal face 15 of the radome 1. The
lightning conductor strip 2 1s typically a metal strip, for
example made of aluminium or copper. The lightning con-
ductor strip 2 1s also connected to the frame of the radome 1
which 1s 1tself connected to the nose cone junction of the
aircraft, to assure its individual connection to ground. Thus, a
lightning arc striking the lightming conductor strip 2 can see
its energy evacuated towards ground without affecting any
other element of the radome 1.

The lightning conductor system 10 further comprises
means of fixing the lightning conductor strip 2 to the radome
1.

In particular, the fixing means comprise {ixing studs 3
having main axes X, which are inserted into orifices formed in
the radome 1 while having particularly their upper part 4a
substantially at the level of the external face 1a of the radome
1. Said fixing studs 3 are 1n electrical contact with the light-
ning conductor strip 2, for example by means of an interme-
diate element 7 as described hereafter. In addition, the fixing
studs 3 are fixed in the wall of the radome 1 via inserts 6 and
a fixing resin 3.
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Lightning that strikes the fixing studs 3 on the side of the
external face 1a of the radome 1 may thereby be guided to the
lightning conductor strip 2 situated on the side of the internal
tace 15 of the radome 1.

Furthermore, according to the invention, the lightning con-
ductor strip 2 1s mounted 1n an oiffset manner with respect to
the main axes X of the fixing studs 3. The lightning conductor
strip 2 1s thereby mounted relatively to the fixing studs 3 such
that the longitudinal axis Z of the lightning conductor strip 2
and the main axes X of the fixing studs 3 do not intersect.
Hence, as may be seen 1n FIG. 1B 1n section, the transversal
axis Y of the lightning conductor strip 2, perpendicular to the
longitudinal axis Z of the lightning conductor strip 2, 1s situ-
ated parallel to the main axis X of the fixing stud 3, at a non
zero distance D.

The offsetting of the lightning conductor strip 2 with
respect to the fixing studs 3 may make it possible to facilitate
the mounting of the lightning conductor system 10 on the
radome 1, particularly without constraint relative to the
localisation of the fixing studs 3 with respect to the lightning
conductor strip 2.

In addition, the lightning conductor strip 2 1s advanta-
geously cylindrical and may thereby enable a reduction of the
radio-electrical failure of the lightning conductor strip 2 with
respect to the solutions of the prior art.

Furthermore, as may be seen more particularly in FIGS. 2B
and 3B, the means of fixing the lightning conductor strip 2 to
the radome 1 comprise intermediate elements 7, fixed to the
fixing studs 3 by means of fixing nuts 4.

Each intermediate element 7 comprises two intermediate
parts 7a and 7b, superimposed one on top of the other.

The two intermediate parts 7a and 75 are advantageously
identical to facilitate the reproducibility of the fixing means
for several systems lightning conductor 10.

Each intermediate part 7a, 76 comprises a body forming
branch 11a, 115 provided with a through orifice 8a, 85 for a
fixing stud 3. The two body forming branches 11a and 115 of
the intermediate parts 7a and 75 define together a body form-
ing part 11 of the mtermediate element 7. In addition, each
intermediate part 7a, 7b comprises a clamp forming branch
12a, 126, on which figures a recess 9a, 95. The two clamp
forming branches 12a and 125 of the intermediate parts 7a
and 75 define together a clamp forming part 12 of the inter-
mediate element 7.

The two recesses 9a and 95 define together a through
passage 9 for the lightning conductor strip 2, which enables
the sliding of the lightning conductor strip 2 relatively to each
intermediate element 7. The lightning conductor strip 2 may
thus be independent of the piercing of the orifices 1n the
radome 1 for the fixing of the fixing studs 3.

The clamp forming part 12 of each intermediate element 7
1s advantageously situated projecting laterally from the body
forming part 11 of the intermediate element 7, hence enabling
an offsetting of the lightning conductor strip 2 with respect to
the fixing studs 3.

Obviously, the mvention 1s not limited to the embodiment
example that has been described. Various modifications may
be made thereto by those skilled 1n the art.

In particular, each intermediate element 7 could be pro-
vided with a body forming part made of a single part, from
which would extend the two clamp forming branches 12a and
1256 to form the clamp forming part 12 of the intermediate
clement 7.

The expression “comprising a” should be understood as
being synonymous with “comprising at least one”, except i
the opposite 1s specified.
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As 1s apparent from the foregoing specification, the imven-
tion 1s susceptible of being embodied with various alterations
and modifications which may differ particularly from those
that have been described in the preceding specification and
description. It should be understood that I wish to embody
within the scope of the patent warranted hereon all such
modifications as reasonably and properly come within the
scope of my contribution to the art.

The mvention claimed 1s:

1. An aircrait support structure, having an external face
intended to be subjected to a flow of air and an internal face
opposite the external face, the support structure comprising a
lightning conductor system comprising;:

an electrically conducting lightning conductor strip, placed

on the side of the internal face of the support structure
while being connected to ground,

means of {ixing the lightning conductor strip to the support

structure, the fixing means comprising fixing studs
inserted mto orifices formed in the support structure,
said fixing studs being 1n electrical contact with the
lightning conductor strip,

the lightning conductor strip being mounted in an offset

manner with respect to the main axes of the fixing studs,
wherein the longitudinal axis of the lightning conductor
strip and the main axes of the fixing studs do not inter-
sect.

2. The support structure according to claim 1, wherein the
fixing means comprise intermediate elements for the mount-
ing of the lightning conductor strip, each itermediate ele-
ment comprising a body forming part for the fixing thereof to
a fixing stud and, projecting laterally from the body forming
part, a clamp forming part for the fixing of the lightming
conductor strip.

3. The support structure according to claim 2, wherein the
clamp forming part comprises two clamp forming branches
extending along each other, the two clamp forming branches
cach comprising a recess, the two recesses defining a through
passage for the lightning conductor strip.

4. The support structure according to claim 2, wherein each
intermediate element comprises two 1ntermediate parts
superimposed one on top of the other, each imtermediate part
comprising a body forming branch provided with a through
orifice for a fixing stud, the two body forming branches defin-
ing the body forming part of the intermediate element, and a
clamp forming branch comprising a recess, the two clamp
forming branches defining the clamp forming part of the
intermediate element, the two recesses defining a through
passage for the lightning conductor strip.

5. The support structure according to claim 2, wherein the
lightning conductor strip 1s able to slide relatively to the
intermediate elements.

6. The support structure according to claim 1, wherein the
lightning conductor strip 1s devoid of a through orifice for a
fixing stud.

7. The support structure according to claim 1, wherein the
lightning conductor strip 1s cylindrical.

8. The support structure according to claim 1, wherein the
lightning conductor strip has a substantially circular section.

9. A radome comprising a support structure according to
claim 1.

10. An aircrait comprising a radome according to claim 9.

11. An aircrait support structure, having an external face
intended to be subjected to a flow of air and an 1nternal face
opposite the external face, the support structure comprising a
lightning conductor system comprising:
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an electrically conducting lightning conductor strip, placed
on the side of the internal face of the support structure
while being connected to ground,

means of fixing the lightning conductor strip to the support

structure, the fixing means comprising fixing studs
inserted nto orifices formed 1n the support structure,
said fixing studs being in electrical contact with the
lightning conductor strip, and wherein the {ixing means
further comprise intermediate elements for the mount-
ing of the lightning conductor strip, each intermediate
clement comprising a body forming part for the fixing
thereol to a fixing stud and, projecting laterally from the
body forming part, a clamp forming part for the fixing of
the lightning conductor strip, and,

the lightning conductor strip being mounted in an offset

manner with respect to the main axes of the fixing studs.

12. The support structure according to claim 11, wherein
the clamp forming part comprises two clamp forming
branches extending along each other, the two clamp forming
branches each comprising a recess, the two recesses defining
a through passage for the lightning conductor strip.

13. The support structure according to claim 11, wherein
cach mtermediate element comprises two intermediate parts
superimposed one on top of the other, each intermediate part
comprising a body forming branch provided with a through
orifice for a fixing stud, the two body forming branches defin-
ing the body forming part of the intermediate element, and a
clamp forming branch comprising a recess, the two clamp
forming branches defining the clamp forming part of the
intermediate element, the two recesses defining a through
passage for the lightning conductor strip.

14. The support structure according to claim 11, wherein
the lightning conductor strip 1s able to slide relatively to the
intermediate elements.

15. An aircrait support structure, having an external face
intended to be subjected to a flow of air and an 1nternal face
opposite the external face, the support structure comprising a
lightning conductor system comprising:

an electrically conducting lightning conductor strip, placed

on the side of the internal face of the support structure
while being connected to ground,

means of fixing the lightning conductor strip to the support

structure, the fixing means comprising fixing studs
inserted nto orifices formed 1n the support structure,
said fixing studs being in electrical contact with the
lightning conductor strip,

the lightning conductor strip being mounted 1n an offset

manner with respect to the main axes of the fixing studs,
and wherein the lightning conductor strip 1s devoid of a
through orifice for a fixing stud.

16. The support structure according to claim 15, wherein
the fixing means comprise intermediate elements for the
mounting of the lightning conductor strip, each intermediate
clement comprising a body forming part for the fixing thereof
to a fixing stud and, projecting laterally from the body form-
ing part, a clamp forming part for the fixing of the lightning
conductor strip.

17. The support structure according to claim 16, wherein
the lightning conductor strip 1s able to slide relatively to the
intermediate elements.

18. The support structure according to claim 15, wherein
the lightming conductor strip 1s cylindrical.

19. The support structure according to claim 15, wherein
the lightning conductor strip has a substantially circular sen-
tion.
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